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GENE250, Trimester 3 2015 
Only five (5) of the six (6) questions in this examination paper need to be answered. 
Each is of equal marks. 


Start each question on a new page. Identify clearly which question you are answering. 


Question 1 (20 marks) 


Question 1 is composed of 15 multiple choice questions. Select the answer that best answers the 
question. All parts should be completed and the answers transferred to your Answer book. 


1. | Two chromosomes that are homologous will normally 
a. contain the same genes 
b. Pair during mitosis 
c. contain the same alleles 


d. reside in the same gamete after meiosis 


2. Inhumans the number of inactivated X-chromosomes (Barr bodies) in an individual who is 
XXY is 


a 
b. 2 
C1 
d. 0 


3. | Which type of mutation would most likely affect the colouring of a patch of skin on the leg of a 
man so it becomes white? It does not appear in that person’s children. 
a. A deletion mutation in a chloroplast 
b. A silent mutation in a gene ina skin cell of the affected leg. 
c. A missense mutation in an autosome in his sperm 


d. A nonsense mutation in a gene in a skin cell of the affected leg. 


The following information is to be used to answer the next two questions. 

In some people the middle finger is shorter than the ones next to it. This is due to an autosomal 
recessive allele. Assume that there are only two alleles in this population for middle finger 
length, D and d. The proportion of people in Armidale with long fingers is 99.7%. 


4. The allele frequency for the long finger allele is 


0.055 
b. 0.999 
c. 0.003 
d. 0.945 


Question I is continued on the next page 


10. 
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The expected proportion of people that are carriers for the short finger allele, d, in Armidale is 


a. 0.104 
b. Can’t be calculated as I don’t know the population size of Armidale. 
c. 0.006 
d. 0.003 


An exon is a sequence of bases in 

a. mRNA that is never transcribed 

b. A DNA promotor region 

c. tRNA that pairs with a codon 

d. mRNA that leads to part of a protein. 


The founder effect may result in genetic changes to a population when 


a. A flock of finches are scattered over several islands and the small groups establish colonies 
on each of them. 


b. A forest in India that was home to several tigers is burnt down for farming, killing some. 
c. Millions of Syrian refugees move into Europe. 


d. Families in China only have a small number of children each. 


PCR is a process that 

a. Can be used to sequence DNA from a 7,000 yr old mummy 
b. Is useful in forensics to identify a possible perpetrator 

c. Can identify the presence of specific mutations in a family 


d. Can be used for all the above situations. 


A mutation in DNA that results in a change in mRNA of AAA to a UAA codon is called a 
a. Silent mutation 

b. Missense mutation 

c. Nonsense mutation 


d. Transition mutation 


During meiosis the stage where chromosomes condense and pair up is called 
a. Telophase 

b. Anaphase 

c. Metaphase 

d. Prophase 


Question I is continued on the next page 
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Mutations can be 
a. induced by chemicals in the environment 
b. ultra violet rays from the sun 
c. x rays from medical procedures 
d. spontaneously induced 


e. all of the above are possible causes 


An allele 
a. Is another name for a chromosome 
b. Is a variant of a gene 


. Is always either dominant or recessive to one other allele 


Q 


[on 


. Always leads to the production of a protein. 


Some degraded double stranded DNA was isolated from a dinosaur jaw and found to contain 
31% guanine bases. The proportion of adenine bases in the same stretch of DNA would be 
a. 31% 

b. 62% 

c. 19% 

d. 38% 


Children when fully grown show a high similarity to their parents in traits such as height, weight 
and like for music (even if of a different genre). However the similarities are of different 
degrees. Siblings are also similar in height and weight. This is due to the traits 

a. Being due to environmental pressures only 

b. Each being controlled by a single gene with several alleles 

c. Each being controlled by several genes with many alleles 


d. Being determined by a combination of several genes and environmental influences. 


The genetic code is said to be degenerate because 
a. After translation the mRNA is degraded 
b. After transcription the DNA is degraded 


Q 


. Most amino acids are described by more than one codon 


ion 


. A codon can describe more than one amino acid 


Question 2 is on the next page 
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Question 2 (20 marks) 


A. DNA is the major genetic compound in a cell. Describe its constituents, structure, where it 
is found and functions. A diagram will help your answer but must be accompanied by labels 
and sentences answering the various parts of the question. (10 marks) 


B. Name the two (2) processes that a cell undergoes so genetic information can be passed on to 
another cell. Using headings for these processes outline the similarities and differences 
between them. (Hint: both start with the same letter.) (10 marks) 


Question 3 (20 marks) Answer all parts of this question. 


The following DNA sequence is a part of the first codon of a gene that is over 2,000 bases long. 


Use it to answer the questions. 
3’ TACGTGGTGGTGCTCATACTCCGATACTTT ST 


a)  Transcribe this strand. Your new strand is a chemical called? (4 marks) 


b) _ Translate the strand you just created. What is this general product called? There is a 
translation table at the end of this question to help you. (4 marks) 


c) Discuss the following types of mutation. Use the original DNA strand in (a) and the 
answer for (b) to explain and show what would happen to the DNA and the resulting 
product if these mutations occur. What impact could the mutation have on the individual 
carrying it? For each one start with the original sequences each time. You can choose 
where to make the mutations. 


i. Silent mutation (3 marks) 
ii. Missense mutation (3 marks) 
ui. Trinucleotide repeat expansion involving GTG (3 marks) 


iv. Nonsense mutation (3 marks) 


Question 3 is continued on the next page 
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The mRNA Genetic Codon Translation Table 


Second ribonucleotide 


First ribonucleotide - 5’ 


“_ 


/€ - #pHospnuogyt pay, 


Abbreviation Abbreviation 
Ala 


Alanine 


Arginine Arg 
Asparagine Asn 


Aspartate Asp 
(Aspartic acid) 


Cysteine Cys 


Glutamate 
(Glutamic acid) 


Glutamine 
Glycine 
Histidine 


Isoleucine 


Leucine 
Lysine 
Methionine 


Phenylalanine 


Proline 


Serine 


Threonine 
Tryptophan 
Tyrosine 


Valine 


Question 4 is on the next page 
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Question 4 (20 marks) 
Part A (10 marks) 
Study the following diagram carefully, then using the related information below it answer the 


questions. 


WA 


Lily Samantha Irene Teresa Bob Chris 


355/ 365 355/ 365 355/ 365 355/ 365 +/ 355 +/+ 


Figure 4.1: Pedigree of a family studied for albinism mutations. The proband Lily, (arrow) is a compound 
heterozygote for the codon 355/ 365 mutations. Her younger brother, Chris, has two wild type alleles. 


Give a brief description of the phenotypes of everyone in this family with respect to this trait. 
(3 marks) 


What is meant by a compound heterozygote? (1 mark) 


It is often portrayed that albinism is due to one gene. Is this correct? If Lily and her sisters are 
affected with albinism how can they be heterozygotes? (3 marks) 


Would you expect the number of children with albinism in this family to be as above? Explain 
why or why not. (3 marks) 


Part B (Note this part does not relate to the information in Part A) (10 marks) 


1) 


2) 


3) 


4) 


A female, June, is suffering from an unidentified disease and seeks the advice of a genetic 
counsellor prior to starting a family. 

Based on the following data the counselor constructs a pedigree encompassing three 
generations: 


June’s maternal grandfather, Luke, suffers from the disease. 


June’s mother, Gloria, is unaffected and is the youngest of five children, the three oldest being 
male. 


June has an affected older sister, Gail, but the youngest siblings are unaffected twins (Troy and 
Marjorie). 


All individuals suffering from the disease have been revealed. 


Question 4 part B is continued on the next page 


a. As the counsellor what is your role? (2 marks) 


b. You are the counsellor. Draw the pedigree. (3 marks) 
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c. How is this disease inherited in this family? How did you come to this conclusion? (2 marks) 


d. What advice could you give June and her husband, Michael, that have come to see you (the 
counsellor) with respect to their children being affected? (3 marks) 


Question 5 (20 marks) 


A plant species has either purple or white flowers. The leaves can be either long or round. The 
genes responsible for these traits are thought to be on separate chromosomes and each have only 
2 alleles. Crosses were done between pure breeding plants with purple flowers and round leaves 
and other plants with white flowers and long leaves. The resulting plants had purple flowers 


and long leaves. 


a) Using the information above determine which form of each trait is dominant and which 
recessive. Explain how you came to this conclusion. (3 marks) 


b) Using P/ p symbols to represent the colour alleles and Q/q the leaf shape alleles identify the 


genotype of the Fl plants. (1 mark) 


c) What gametes would plants of this genotype produce? (2 marks) 


d) One of the F1 plants was self-crossed and the resulting plants’ phenotypes and numbers are 
shown in table 5.1. Do these offspring support your answers to (a) and (b)? Copy Table 5.1 
into your answer book and complete the table using the information in Table 5.2 to help you 
in your decision making. Work to 3 decimal places. Show any working you need to do to 
complete various columns in the table. (14 marks) 


Table 5.1: result of F2 cross 


Class of plant observed Exp ete [PDE ee (O-E)7/E 
ratio numbers 
Purple long leafed 89 
Purple round leafed 32 
White long leafed 25 
White round leafed 14 
DF=2 
Table 5.2 Chi-square threshold values 
Degrees of freedom 5% threshold 
1 3.84 
2 5.99 
3 7.82 
4 9.49 


Question 6 is on the next page 
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Question 6 (20 marks) 


Part A 


Explain why a population carries more genetic diversity than an individual carries. Use an 
example if needed. (3 marks) 


Part B 


What are 4 assumptions of the Hardy-Weinberg law and are they realistic? (6 marks) 


Part C 


B-Thalassemia major (beta-thalassemia) is a severe anaemia usually fatal in childhood and 
rather frequent in Mediterranean populations. Life span is severely affected. Often people die 
by 20 — 30 years of age. Previously many affected children died prior to or just into their teens 
although modern treatment of blood transfusions and bone marrow transplants has lengthened 
this life span. Thalassemia minor is a very mild anaemia often difficult to detect at all. It has no 
effect on life span. They are caused by mutations in the B-haemoglobin gene leading to 
malformed red blood cells. 


Among people of southern Italian or Sicilian ancestry now living in Rochester, New York, 
thalassemia major occurs in about one birth in 2400 and thalassemia minor in about one birth in 
25. Extrapolating these frequencies to a population of 10,000 the distribution is approximately 
shown in the following table, Table 6.1. 


Table 6.1 People with expected phenotypes for Thalassemia in Rochester, NY. 


Thalassemia major Thalassemia minor Normal 
Th Th Th th th th 
4 400 9596 


a) Calculate the allele frequencies for the 2 thalassemia alleles. Show all your working. (3 
marks) 


b) Would this population be in Hardy-Weinberg equilibrium for this gene? Why? (3 marks) 


c) Would you expect this thalassemia allele to be removed from this Rochester population in 
say the next 10 generations? Explain your answer. (2 marks) 


d) Ifa distribution map for thalassemia in the Mediterranean was overlaid with one for malaria 
it is found they coincide considerably. Could there be a link between the 2 conditions? If so 
what is it? (3 marks) 


Please remember - This examination question paper MUST BE HANDED IN. Failure to do so may 
result in the cancellation of all marks for this examination. 
Writing your name and number on the front will help us confirm that your paper has been returned. 


